This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

« 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01L 23/427, F28D 20/02 


Al 


(11) International Publication Number: WO 96/28846 
(43) International Publication Date: 19 September 1996 (19.09.96) 


(21) International Application Number: PCT/GB96/00567 

(22) International Filing Date: 12 March 1996 (12.03.96) 


(81) Designated States: GB. PL, US. European patent (AT. BE, 
CH. DE, DK. ES, FI, FR, GB. GR, IE, IT, LU. MC, NL, 
PT, SE). 


(30) Priority Data: 

9505069.6 1 4 March 1995 (1 4.03.95) 


GB 


Published 

With international search report. 


(71) Applicant (for all designated States except US): BARR & 
STROUD LIMITED [GB/GB]; 1 Linthouse Road, Glasgow 
G51 4BZ (GB). 




(72) Inventor; and 

(75) Inventor/Applicant (for US only): MCQUADE, Thomas 
[GB/GB]; 14 Hardie Street. Alexandria G83 0RU (GB). 




(74) Agents: McCALLUM, William, Potter et al.; Cruikshank & 
Fairweather, 19 Royal Exchange Square. Glasgow Gl 3AE 
(GB). 




(54) Title: HEAT SINK 



(57) Abstract 

A heat sink (10) is formed by an 
aluminium framework composed of thick 
walls (1) interconnected by thin fins (2). 
The fins (2) are about 0.10 to 0.20 mm in 
thickness and are spaced apart by about 0.5 
mm to 1 .5 mm so as to form cells (4). The 
cells (4) are filled with a wax. 





Heat 
Source 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d* I voire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


Fl 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HL 


Hungary 


IE 


Irelind 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


ICR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LL 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



pamphlets publishing international 



MW 


Malawi 


MX 


Me it co 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RL' 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of America 


CZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/28846 



PCI7GB96/00567 



1 

HEAT SINK 

This invention relates to heat sinks particularly for 
use with devices, typically electrical or electronic 
devices for dissipating heat generated by such devices. 

Various forms of heat sinks are well known some of 
which comprise a metal structure having an extended surface 
area which is exposed to a current of air or liquid as the 
heat dissipating medium. The air current may be by 

natural convection or may be fan generated. The liquid 
may be pumped. Another known form of heat sink, which may 
also be force cooled, has the metal structure in the form 
of a framework forming a plurality of cells each housing a 
body of wax. The wax absorbs heat delivered to one of the 
metal walls of the framework firstly by temperature 
increase and then by phase change, from solid to liquid, 
which is equivalent to a temperature rise of about 150°C. 

It is an object of the present invention to provide a 
new and improved form of heat sink. 

According to the present invention there is provided 
a heat sink comprising a unitary metal framework made of 
highly thermally-conductive metal, having a pair of metal 
walls extending substantially parallel to each other -and 
held in spaced mutual relationship by a plurality of metal 
fins, the fins being substantially parallel to each other 
and extending transversely to the metal walls, the 
arrangement being such that the framework defines a 
plurality of cells between adjacent fins, the cells being 
substantially filled with a fill material of low thermal 
conductivity and high latent heat of fusion, characterised 
by selecting the following features in combination: 
i) the metal is aluminium; 
ii) the fins have a thickness in the range 0.10 to 
0.20 mm; 

iii) the spacing between the fins is in the range 0.5 
to 1.5 mm; 
iv) the fill material is a wax. 
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By virtue of the present invention the effective 
thermal resistance of the heat sink is very low, 
significantly lower than hitherto which results in the 
temperature of the metal wall input face being maintained 
at a comparatively low temperature, typically not more than 
5°C greater than the temperature at which the wax fill 
material melts, until the entirety of the wax fill material 
has melted. Thus there is highly efficient removal of 
heat from the heat source and forced cooling of the heat 
sink is not required. Additionally, the heat sink is 
comparatively small in size and weight. 

It will be understood that the wax fill material may 
be any one of a number of different waxes having different 
melt temperatures and latent heat of fusion. Particular 
waxes may be selected for any particular application of the 
heat sink, for example from the data listed in the 
"Handbook of Chemistry and Physics" published from time to 
time by CRC Press, Inc. (for example, the 65th edition 
published in 1984/5) . The waxes may be long-chain 

hydrocarbons or silicone based materials. They are 

selected because they are inexpensive and non-toxic, 
usually with a melting temperature below 150°C. Also, 
they have comparatively low thermal conductivity. 

An embodiment of the present invention will now be 
described by way of example with reference to the accompany 
diagrammatic drawing. 

The drawing shows a heat sink 10 comprising a 
unitary metal framework made of aluminium which is a highly 
thermally-conductive metal. The framework is formed of a 
pair of substantially parallel walls 1 which are 
comparatively thick and which are interconnected and held 
in spaced mutual relationship by a plurality of spaced fins 
2 which are comparatively thin. The fins 2 are 

substantially parallel to each other and extend 
transversely, preferably orthogonally, to the walls 1. 
The spaces between adjacent fins 2 and bonded by the walls 
1 define cells 4 which are substantially filled with wax 
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material of low thermal conductivity and high latent heat 
of fusion. 

The fins 2 are about 0.15 mm thick and have a pitch or 
spacing 3 which is less than 1.5 mm and for example 0/6 5mm. 

The walls 1 are typically 0.4mm in thickness and are 
spaced apart typically by about 5 to 10mm although this is 
not critical. The wax may for example be Naphthalene 1,7- 
dichloro which has a melting point of about 63 °C and a 
latent heat of fusion of about 250 KJ/kg. 

In use, one of the metal walls 1 forms the heat input 
face of the heat sink 10 and is placed in intimate contact 
with a device which is to be cooled. Because the 

aluminium is highly thermally conductive heat is rapidly 
transferred by conduction to each of the fins 2. The fins 
2 are both thin and closely spaced so that there is a very 
large increase in surface area of fins and wax. The 
thickness of each wax filled cell 4 is comparatively small 
so that the thermal path length to the centre of each cell 
4 is comparatively small and accordingly the thermal 
resistance of the sink 10 is comparatively low 
notwithstanding the low thermal conductivity of the wax. 
This results in the temperature of the heat input face. 1 
being held at not more than about 68°C which is only -5°C 
more than the temperature at which the wax melts until such 
time as the entirety of the wax has melted. Heat 
dissipation is therefore highly efficient without any 
requirement to have forced cooling or large exposed surface 
areas with fin pitches typically greater than 2mm suitable 
for natural or forced convection. 



WO 96/28846 



PCT/G1S96/00567 



4 

Claims 

1 A heat sink comprising a unitary metal framework made 
of highly thermally-conductive metal, having a pair of 
metal walls (1) extending substantially parallel to each 
other and held in spaced mutual relationship by a plurality 
of metal fins (2) , the fins (2) being substantially 
parallel to each other and extending transversely to the 
metal walls (1), the arrangement being such that the 
framework defines a plurality of cells (4) between adjacent 
fins, the cells being substantially filled with a fill 
material of low thermal conductivity and high latent heat 
of fusion, characterised by selecting the following 
features in combination: 

i) the metal is aluminium; 
ii) the fins have a thickness in the range 0.10 to 
0.20 mm ; 

iii) the spacing between the fins is in the range 0.5 
to 1.5 mm; 
iv) the fill material is a wax. 

2 A heat sink as claimed in Claim 1, wherein the 
walls (1) are about 0.4mm in thickness and are spaced apart 
by a distance in the range 5 to 10mm. 

3 A heat sink as claimed in Claim 1 and substantially as 
hereinbefore described with reference to the accompanying 
drawing. 
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